Electrolytic plasma is an emerging, environmentally friendly surface engineering technology that can be used for cleaning of metal surfaces and removing several coating. The present work was concerned with cleaning of corrosion products (oxides and contamination) on steel surfaces for corrosion protection. The eects of processing parameters on cleaning steel surfaces were investigated. The results show that electrolytic plasma can eectively produce clean surfaces and remove iron oxides. Also the arc spray coatings deposited on steel was removed by electrolytic plasma.
Introduction
Coating performance of metals is directly related to the surface properties like cleanliness, morphology and roughness. Additionally, the cleaning is important for removing of mill-scales (originated from the hot-rolling mill), pigmented lms, environmental contaminations (oil, grease) and rust spots [13] . For the structural steels using in a wide range of applications such as pipes, wires, bridge supports and industrial structures, etc. surface cleaning is essential pre-treatment to form an anchor or crater surface prole providing sound mechanical interlocking prior to coating [1, 2] . Conventional cleaning applications include both mechanical and chemical techniques such as abrasive blasting and acid etching or pickling. However, these methods have major diculties such as high economical cost, ecologically unfriendly, waste-disposal problems, unfavorable surface prole, embedded abrasive particles onto cleaning metal, etc. [1] .
Electrolytic plasma (EP) is a process that uses the cathodic hydrogen glow discharge on the surface of the substrate to be treated [4, 5] . Compared with the conventional chemical and mechanical method, the electrolytic plasma is more ecologic and combines surface cleaning and micro-crater formation in one process.
The present study emphases the methodology of surface cleaning and mechanism involved in EP cleaning.
This study also summarizes the surface characteristics acquired after EP.
Experimental studies
Research has been carried out on several grade steels rectangular bar shape samples with a dimension of * corresponding author; e-mail: leventcenk@gmail.com with energy dispersive X-ray spectroscopy (EDS), X-ray diraction (XRD), and corrosion immersion test.
The graph that was plotted from the results of the optimization study has been shown in Fig. 2 . The blue continuous line shows the optimum area that the plasma named as continuous plasma envelope [3] or region Ub
Uc that the process again becomes stable and the plasma discharge remains controlled [2] . On the other hand, high ow rate has detrimental eect on plasma electrolysis because of the not adequate bubble and hydrogen generation on cathode surface. Briey, Fig. 2 shows the eective and economic route to produce plasma or glow discharge. From now on the optimum region bordered with blue line will be named as midpoint.
Having optimized the process parameter, the samples have been cleaned in the midpoint region [2] . However, Fig. 3 shows the unprocessed and cleaned sample's optic micrographs.
The elemental analysis of Fe, Cr and O obtained from SEMEDS analyses on the uncleaned and EP cleaned surfaces have been presented in Fig. 4 . The EP cleaned surface has a signicantly lower O concentration than the uncleaned sample; this is conrmation that the EP process has eectively removed or reduced surface oxides and contaminations [2] . During the EP cleaning, Fig. 2 . The optimization map of process parameters of plasma electrolysis. Dierent anode torch shapes can be designed for industrial applications such as disc, saw, blade, pipe, plate, gear, wire, nut, sheet etc. and electrolyte ow can be routed to downward, upwards and vertically.
